Abstract: As a part of our ongoing research on endophytic fungi, we have isolated a sesterterpene mycotoxin, fusaproliferin (FUS), from Fusarium solani strain associated with the plant Aglaonema hookerianum Schott. FUS showed rapid and sub-micromolar IC50 against pancreatic cancer cell lines. Time dependent survival analysis and microscopy imaging showed rapid morphological changes in cancer cell lines 4 hours after incubation with FUS. This provides a new chemical scaffold that can be further developed to obtain more potent synthetic agents against pancreatic cancer.
Introduction
Pancreatic adenocarcinoma is a leading cause of adult cancer mortality. It is presently untreatable, with a 5-year survival rate of ~5% [1] . As early detection is difficult, most patients present with locally advanced or metastatic disease [2] . Therapeutic options are limited and metastatic disease frequently develops after surgery [3] . Pancreatic cancer is the seventh leading cause of cancerrelated deaths worldwide and annually more than 200,000 deathsare attributed to pancreatic cancer every year [4, 5] . Natural sources, particularly plants, represent an important source of new anticancer chemical scaffolds, and there is an increasing interest in searching for natural products with drug-like properties as potential leads for drug discovery projects [6, 7] .
Endophytic fungi are symbiotically associated with plants, capable of synthesizing bioactive compounds without causing any damage to the host [8] . Some of these compounds have proven useful for novel drug discovery and also provide a defense against harmful pathogens for the plants [9, 10] . As a part of our ongoing research on endophytic fungi [11] [12] [13] [14] , a Fusarium solani strain, isolated from the plant Aglaonema hookerianum Schott. (Family: Araceae), was investigated. Fusarium solani has been proved as a potent source of structurally diverse natural compounds with cytotoxic activity, such as karuquinone A and karuquinone B [15] , 9-desmethylherbarine, 7-desmethylscorpinone and 7-desmethyl-6-methylbostrycoidin [13] , camptothecin and 10-hydroxycamptothecin [16] , as well as paclitaxel [17] . Chemical investigation of the ethyl acetate extract of the F. solani led to the isolation of fusaproliferin (FUS), a mycotoxin which was first isolated from the Italian F. proliferatum strains, named as proliferin [18] . FUS is also produced by Fusarium subglutinans and fifteen other ex-type strains of Fusarium species [19, 20] . FUS produced toxic effect on Artemia salina, insect cells and human B lymphocytes [21] .
It was also reported to produce teratogenic effect on chicken embryos [22] . In this study, we examined the anticancer activity of FUS against two pancreatic and two breast cancer cell lines as well as compared the activity of the compound with that of gemcitabine and doxorubicin, the current drugs of choice for pancreatic and breast cancer, respectively. Table 1 ) with sub to low micromolar IC50, but the activity against the pancreatic cancer cell lines were notably better than the breast cancer cell lines. FUS was between 3 to 58 times more potent than gemcitabine in pancreatic cancer cell lines but doxorubicin was superior against both breast cancer cell lines compared to FUS. The morphological changes in the MIAPaCa2 cell line after incubating with FUS was monitored using a Nikon TS100 inverted microscope fitted with a camera. The cells appeared to show both apoptotic and necrotic damages within 4 hours post-incubation and the damages were fully evident at the 8 hour time point (Figure 3c & d) . These images along with the survival analysis points towards the ability of the compound to induce severe stress resulting in rapid toxicity against the cell lines. This rapid cytotoxicity is intriguing and potentially a useful characteristic for an anticancer scaffold that can be developed against pancreatic cancer. Further studies are required to ascertain the mechanism of action of this compound and will be reported in due course. In summary, FUS is a known sesterterpene mycotoxin isolated from the endophytic fungus F.
Results and Discussion
solani. This compound showed potent and rapid cytotoxicity against both pancreatic and breast cancer cell lines tested in this study. The complex structure and intriguing biological activity of FUS make it a good target for chemical synthesis and a lead structure for a medicinal chemistry project to develop a new anticancer drug against pancreatic cancer.
Experimental Section

Collection and Identification of the Plant Material
The aerial part of A. hookerianum was collected from Pablakhali, Rangamati, Chittagong Hill tracts, Bangladesh on August 10, 2014 and identified by the taxonomist of Bangladesh National Herbarium, Mirpur, Dhaka. A voucher specimen of the plant has been deposited (Accession no.:
DACB 40633) in the herbarium for further reference.
General Experimental Procedures
The NMR spectra were recorded on a Bruker 400 MHz NMR spectrometer using CDCl3. The HRMS spectrum was recorded on an Exactive Orbitrap by a Thermo Scientific mass spectrometer at King's College London, (London, UK), and the data were processed by Thermo XCalibur 2.2.
Column chromatography was carried out on silica gel (70−230 mesh and 230−400 mesh, Merck, Germany). Organic solvents, potato dextrose agar (PDA) medium, and TLC plates were purchased from Merck, Germany.
Isolation of Fungal Material
About 300 g of fresh and healthy parts of the plant (leaves, root, and petiole) was cut with a sterile scalpel and stored at 4°C in a sterile polyethene bag prior to use. Endophytic fungi were isolated (AHLE-4). The fungus AHPE-4 was selected for further investigation, based on the brine shrimp lethality bioassay data (SI), and was cultured at a large scale to isolate bioactive secondary metabolites.
Molecular Identification of the Endophytic Fungus AHPE-4
For identification and differentiation, the Internal Transcript Spacer regions (ITS4 and ITS5) and the intervening 5.8S rRNA region was amplified and sequenced using electrophoretic sequencing 
Extraction of the Fungal Material and Isolation of FUS
The fungus F. solani (AHPE-4), isolated from the petiole of the plant A. hookerianum was cultivated at 28 ± 2°C for 28 days on potato dextrose agar (PDA). The culture media were extracted with ethyl acetate for seven days in an air-tight flat bottom container with occasional shaking and stirring. This procedure was repeated for three times to obtain the crude extract. The crude extracts of endophytic fungi was then filtered using sterilized cotton filter followed by Whatman no. 1 filter papers. The solvent was evaporated with a rotary evaporator at low temperature (40°C-50°C) and reduced pressure.
The crude fungal extract (8 gm) was subjected to column chromatography for fractionation on silica gel (70-230 mesh) by using gradients of petroleum ether/ ethyl acetate, then ethyl acetate, followed by a gradient of ethyl acetate/ methanol, and finally methanol to afford a total of 15 in PBS, trypsinized, centrifuged at 8°C at 8000 rpm for 5 min, and re-suspended in fresh medium.
MTT Assay
The cells were grown in normal cell culture conditions at 37ºC under a 5% CO2 humidified atmosphere using an appropriate medium. The cell count was adjusted to 10 
